In this study, we investigated the radical addition of 1,3-dicarbonyl compounds to acrylamide derivatives including phenyl, 2-thienyl and 5-methyl-2-furyl groups mediated by manganese(III) acetate. trans-3-Carboxamide-dihydrofurans were obtained in modarate to good yields, as well as regio-and diastereoselectievly. Structural analyses of these compounds were made by NMR techniques such as HMBC and NOSY spectra. Also, exact configuration and structures of these (7b, 7i and 7j) compounds were determined by X-ray crystallography.
Introduction
Substituted dihydrofurans constantly occur as subunits for many medicinally important compounds and biologically active natural compounds, such as clerodin, aflatoxin B1, rocoglamide, austocystin A and fercoprolone. [1] [2] [3] On the other hand, the carboxamide group is an important structural moiety in many biologically active compounds and in some drugs, such as acridine carboxamide (topoisomerase inhibitor), nicotineamide, pyrazineamide (a drug for tuberclosis), dacarbazine (antineoplastic), valpromide (a drug for epilepsy). It was reported that some dihydrofurans including carboxamide, 4 and carbonitrile 5 show antifungal and antibacterial activity. Thus, development of effective synthetic methods to prepare polysubstituted dihydrofurans has been focused on this area.
Manganese(III) acetate [6] [7] [8] [9] [10] and cerium(IV) ammonium nitrate (CAN) [11] [12] [13] [14] are widely used for C-C bond formation and synthesis of polyfunctional organic compounds. It is well known that Mn(OAc)3 or CAN mediated radical reaction of 1,3-dicarbonyl compounds with alkenes produce dihydrofuran derivatives. Mn(OAc)3, CAN or Ag(I)/Celite mediated radical reactions of 1,3-dicarbonyl compounds with unsymmetrically alkenes such as (1-pyridin-2-yl)-enones, 9 unsaturated ketones, 15, 16 cinnamates, 7, 14 and unsaturated ether, 11, 17 have been reported. Our research group has focused on the radical reaction of 1,3-dicarbonyls and 3-oxopropanenitriles with unsaturated systems. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] We first reported the reaction of (E)-2-styrylthiophene and (E)-2-methyl-5-styrylfuran with 3-oxopropanenitriles, 18, 20 fluorinated-1,3-dicarbonyls 21 and 1,3-diketones 22, 23 lead to formation of 2-thienyl and 2-furylsubstituted trans-dihydrofurans (1 and 2). Although there are two possible different cyclization routes with these reactions, we reported that, this cyclization occurs only at the C-1 carbon (adjacent to thienyl or furyl groups) regioselectively ( Figure 1 ).
18, 20

Figure 1
Previously, we obtained cis-and trans-diastereomer mixtures of dihydrofurans (3) from the reaction of (E,E)-5-phenyl-2,4-pentandienamide with 3-oxopropanenitrile. We clearly reported that coupling constants of the H2 and H3 vicinal protons of this compounds are Jcis 9.6-10.3 Hz and Jtrans 6.8-7.5 Hz, respectively. 19, 27 Based on the coupling constants of the transdiastereomers, we decided that 2,3-dihydrofuran-3-carboxamides (4) obtained from the reaction of 3-oxopropanenitriles with (2E)-3-(2-thienyl)acrylamide and (2E)-3-(5-methyl-2-furyl)acrylamide are in trans configuration (Fig 1) . 19 Depending on the substituents attached to dihydrofuran ring, coupling constant of the vicinal protons can show some inequality. Hence, if both cis-and trans-diastereomers do not form in the reaction of unsymmetrical alkenes, coupling constants of the vicinal protons or NOSY (or NOE-DIFF) spectra may not be inadequate to determine configuration of the dihydrofurans in all cases. The most exact proof of structure and configuration of the compounds can only be obtained from X-ray crystallography. Thus, in the present study, we reported the radical addition of acrylamide derivatives with various 1,3-dicarbonyl compounds using Mn(OAc)3, lead to trans-3-carboxamide-substituted dihydrofurans as regio-and diastereoselectively. Absolute structure and configuration of these compounds were determined by X-ray analysis.
Results and Discussion
(2E)-3-Phenylacrylamide 5a, (2E)-3-(2-thienyl)acrylamide 5b, (2E)-3-(5-methyl-2-furyl)acrylamide 5c and (2E)-3-(3-thienyl)acrylamide 5d were prepared by the reaction of suitable acyl chloride and NH3/NaOH as described in literature. 28, 19 A Yield of isolated product based on the conjugated amides 5a.
Treatments of (2E)-3-phenylacrylamide 5a with dimedone 6a and 1,3-cyclohexandione 6b in the presence of Mn(OAc)3 in HOAc in a 2:1:3 molar ratio (1,3-dicarbonyl : acrylamide : Mn(OAc)3) at 70 °C gave 2-phenyl-3-carboxamide-dihydrobenzofurans 7a in 68% and 7b in 55% yields (Table 1). In the 1 H NMR spectra of these compounds, the H-2 and H-3 (C8-H and C7-H in the x-ray graphic for 7b, respectively) protons of the dihydrobenzofurans 7a and 7b appeared as two doublets with a vicinal coupling constant of J 6.0 Hz. The H-2 protons (δ 6.14 and 6.27 ppm) resonate at low field due to inductive effect of neighbouring etheric oxygen atom. Since the HMBC spectra of 7a shows that the H-2 proton correlates with the ortho-carbon of phenyl resonates at 125.3 ppm, phenyl group attached to the C-2 carbon in the dihydrobenzofuran ring. Also, we verified absolute configuration and the assignment of regioand diastereoselectivity through X-ray analysis of 7b (2R, 3R) in Figure 2 .
Treatments of ethyl 3-oxobutanoate 6c and 2,4-pentanedione 6d with 5a gave trans-2,3-dihydrofurans 7c and 7d in moderate yields, respectively. Compounds 7c and 7d show only two doublets for two protons at C2-and C3-position with the coupling constants of 5.2 and 4.8 Hz, which obviously indicated that these 2,3-dihydrofurans are in trans-configuration. It has been reported that the vicinal coupling constants of two methine protons in cisdihydrofuran are Jcis 8-11 Hz, while in trans-dihydrofurans vicinal coupling constants are Jtrans 2.5-7.5 Hz. 18-27, 29, 30 Based on this information, the previously assigned cis-stereomer should likely be the trans-stereomer for the dihydrofurans obtained from the Mn(OAc)3 mediated radical reactions of 1,3-dicarbonyl compounds with chalcones, 15 2-styrylthiophene 10 and from the radical reactions of 1,3-dicarbonyls with cinnamates, 14 unsaturated ketones 16 promoted by CAN as these dihydrofurans had vicinal coupling constants of 5.8-7.2 Hz.
As seen in the Table 2 , radical addition of dimedone 6a to 5b afforded trans-3-(2-thienyl)-2,3-dihydrobenzofuran-3-carboxamide 7e which was characterized by 1 H NMR, 13 C NMR, NOSY and HMBC spectra. In the 1 H NMR spectrum of 7e, vicinal coupling constants of H-2 and H-3 are Jtrans 5.6 Hz. In the HMBC spectrum, H-3 proton resonated at 4.1 ppm correlates with the thiophene carbon resonated at 142.5 ppm. These results show that 2-thienyl attached to the C-2. Moreover, similar results were obtained by the radical reaction of 1,3-dicarbonyls 6b-d with 5b forming trans-3-(2-thienyl)-dihydrofuran-3-carboxamides 7f-h with vicinal coupling constants of 5.2 -4.2 Hz appearing in corresponding 1 H NMR spectra ( Table 2 , Entries 2-4). On the other hand, trans-3-(5-methyl-2-furyl)dihydrobenzofuran-3-carboxamide 7i was obtained by the treatment of dimedone 6a with (2E)-3-(5-methyl-2-furyl)acrylamide 5c in 80% yield. Reaction of 6c and 6d with 5c afforded trans-2,3-dihydrofuran-3-carboxamides 7j (67%) and 7k (70%) in good yields (Table 2 , Entries 6 and 7). Also, the radical reaction of (2E)-3-(3-thienyl)acrylamide 5d with 6a gave corresponding compound 7l in 36% yield. All dihydrofurans were obtained in moderate to good yields.
Related unsaturated amides used in radical reactions regained with column chromatography from each crude products in 15-25 % yields. To accurately understand if there are any possible compounds (especially cis-isomers) formed in this type of radical addition reactions , the crude products from experiments 7a and 7e were analysed with LC-MS (without purification). The results from these analyses showed that there are no isomers with same masses formed beside the trans-products. The proposed mechanism for the formation of dihydrofuran-carboxamides is illustrated in scheme 1. According to the mechanism, whilst Mn +3 reduces to Mn +2 , a carbon radical forms on the 1,3-dicarbonyl. The intermediate product A can be added to acrylamides with two ways. An adduct intermediate B forms with pathway-i then structure B is oxidized to carbocation C with Mn(OAc)3 and then enolizes to intermediate E. Dihydrofuran G is formed by intramolecular cyclization of F. Dihydrofuran I which occurred by the cyclization of the other adduct intermediate H obtained by pathway-ii. However, dihydrofuran I was not isolated, only dihydrofurans G were obtained as sole products. The reason behind regioselective addition is that intermediate B is being more stable than intermediate H. Also, diastereoselectivity can be explained by intramolecular cyclization in structure F preferring trans-isomer which has less steric hindrance and more thermodynamically stable. 
Conclusions
We obtained 3-carboxamide-dihydrofurans in good yields as diastereoselectively by the manganese(III) acetate mediated reaction of acrylamide derivatives and 1,3-dicarbonyl compounds. It is seen that coupling constants of vicinal protons of the dihydrofurans in this work are 1-1.5 Hz less than that of 3-cyano-carboxamides. These results show that the substituents attached on the C=C double bond in the dihydrofuran rings significantly effect on the coupling constants of vicinal protons. Our studies based on the X-ray analyses continue to determine substituent effects on the coupling constant of vicinal protons and definite configurations of some dihydofurans whose structure is open to debate.
Experimental Section
General. Melting points were determined on an electrothermal capillary melting point apparatus. IR spectra (ATR) were obtained with a Bruker Tensor-27 400-4000 cm -1 range with 2 cm -1 resolution. 1 H NMR, 13 C NMR, HMBC, NOSY, spectra were recorded on a Bruker Avance DPX-400 MHz and Varian Mercury-400 High performance Digital FT-NMR spectrophotometers. High Resolution Mass Time-of-Flight spectra (TOF) were measured on a Agilent 1200/6210 LC/MS spectrophotometer. Unit cell measurements and intensity data collection was performed on an Bruker APEX II QUAZAR three-circle diffractometer using monochromatized Mo Kα microfocus sealed-tube (λ = 0.71073 Å) using φ and ω technique at 120 K. Thin layer chromatography (TLC) was performed on Merck aluminum-packed silica gel plates. Purification of the products was performed by column chromatography on silica gel (Merck silica gel 60, 40-63 mm) or preparative TLC on silica gel of Merck (PF254-366nm).
General procedure for dihydrofuran-carboxamides (7).
A solution of manganese(III) acetate dihydrate (3 mmol, 0.804 g) in 10 mL of glacial acetic acid was heated on oil bath under a nitrogen atmosphere at 80 °C until it dissolved. After Mn(OAc)3 dissolved completely, the solution was cooled down to 60 °C. A solution of 1,3-dicarbonyl compound (2 mmol) and acrylamide (1 mmol) in 5 mL of acetic acid was added to this mixture and the temperature was raised to 70 °C. The reaction was complete when the dark brown color of the solution disappeared (monitoring by TLC). 30 mL water was added to the solution and extracted by CHCl3 (3x20 mL). The combined organic extracts were neutralized with 10 mL of satd NaHCO3 solution, and dried over anhydrous Na 2 SO 4 and evaporated. The crude products were purified by column chromatography or preparative TLC (20x20 cm plates, 2 mm thickness) using nhexane/EtOAc (1:1) as eluent. trans-6,6-Dimethyl-4-oxo-2-(thiophen-2-yl)-2,3,4,5,6,7-hexahydro-1-benzofuran-3 -2-(thiophen-2-yl)-2,3,4,5,6,7-hexahydro-1-benzofuran-3 trans-6,6-Dimethyl-2-(5-methylfuran-2-yl)-4-oxo-2,3,4,5,6,7-hexahydro-1-benzofuran-3-carboxamide (7i) 
